Photochemical reaction (PR) is a combination of light with photosensitizer or its precursor to product reactive oxygen species (ROS). PDT based on PR has recently become an established modality for several malignant and non-malignant conditions, but it can be further improved through a better understanding of the determinants affecting its therapeutic efficiency. In the present investigation, high ROS concentration produced by PR often induces normal cell and tissue injury. This injury strongly affects on endothelial permeability to induce neointimal formation. Furthermore, it is believed that neointimal formation occurs with the progression of atherosclerosis and development of restenosis. In light of this situations, analysis of the mechanism in abnormal permeability by PR that occurs in response to endothelial injury would assist in gaining insight into the pathophysiology of neointimal formation by PR and in screening potential therapeutic agents. In this study, we focused on the mechanism of endothelial cell injury and abnormal permeability caused by PR.
We used human umbilical vein endothelial cells (HUVEC) and protoporphyrin Ⅸ (PpⅨ), efficient photosensitizer endogenously synthesized from 5-aminolevulinic acid (ALA) in this study. First of all, by means of fluorescence microscopy and fluorescence spectrophotometer, we showed that ALA-induced Pp Ⅸ was initially localized in the michondria and cellular Pp Ⅸ accumulation led to ALA concentration dependent change until 1mM. So HUVEC were incubated with 1mM ALA and were irradiated by LED light (Fig. 1 ) in 630 nm wavelength for 10 min after the incubation.
ALA-induced phototoxicity of HUVEC was measured by MTT assay. The rate of PR-induced cell death was about 20% after PR(24hours). And the rate of cell death was independent upon the light fluence delivered and the concentration of ALA. Transendothelial permeability was measured by determining flux of FITC-dextran from the upper to lower chamber of Transwells®. The result of transendothelial permeability assay showed endothelial permeability is significantly increased by PR (Fig. 2) .
And in 3D-cultures of HUVEC in collagen that induces tube formation, PDT reduced the capillary-like structures. Furthermore, cell cytoplasm of HUVEC were stained by Calcein-AM for morphological analysis. The images showed that ROS by PR led to shrinkage of HUVEC (Fig. 3) . So cell death and shrinkage of HUVEC induced increase in subendothelial area. Double-labeled staining for F-and G-actin showed that F-actin was formed into stress fibers while G-actin did not change so much under ROS exposure by PR.
In conclusion, these experiments demonstrate that oxidant stress is involved in the pathogenesis of the impaired endothelial cell barrier function contributing to the increased vascular permeability induced by PR. PR strongly affects on the endothelial capillary-like structures and morphology of endothelial cells which were induced by loss of cell-cell adherence protein, reduction of cortical actin band and generation of stress fibers. This reduction of capillary-like structures, shrinkage and a little phototoxicity of PR leaded to increase of permeability. More understanding of the mechanisms in up-regulated permeability by PR may provide means to modulate the PDT effects at the molecular level. 
